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Background. There is considerable variability in the reported value of clinical examination in the diagnosis of abdominal
aortic aneurysms (AAA). This study aims to assess accuracy of abdominal examination by a doctor, a nurse and the patient
in the diagnosis of AAA and whether this accuracy is related to the size of the aneurysm and/or the BMI of the patient.
Methods. 164 patients, 138 men and 26 women, median age 71 years, consented to participate in this prospective, single
blind, controlled study. Thirty-nine patients attending for carotid duplex were used as controls. Abdominal examination was
performed by a doctor and a nurse. Patients then performed self-examination.
Results. Examination by a doctor, a nurse and the patient were similar in accuracy in diagnosing/excluding AAA which
was directly related to AAA size and patient BMI. The Negative Predicted Value of abdominal examination exceeds 0.9 with
AAA diameters $4 cm and the Positive Predictive Value exceeds 0.8 with AAA diameters $5 cm.
Conclusions. Abdominal examination by a doctor, a nurse and the patient is of value in the exclusion and diagnosis of
significant AAA. It should be promoted and may represent a useful adjunct to population screening with ultrasound.
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Introduction
Abdominal aortic aneurysm (AAA) rupture is a
common, potentially preventable, cause of death in
the elderly population.1 Ultrasonographic screening
for AAA in men aged 65–74 years has been demon-
strated to reduce aneurysm related death but not
overall mortality.2 The cost effectiveness ratio at 4
years of this screening programme was the margin of
acceptability according to current NHS thresholds.3
Furthermore, potentially significant aneurysms will be
missed with non-attenders and other groups (e.g. men
,65 years and elderly women) in which aneurysms
occur, all be it at a lower prevalence.
Abdominal palpation by a physician is reasonably
accurate in the diagnosis of AAA, with a sensitivity of
76% in aneurysms $5 cm in diameter.4 The value of
self-examination in the diagnosis of AAA has not
previously been studied; however, self-examination is
promoted as a screening modality in the diagnosis of
breast, testicular and thyroid pathology often to good
effect.5 The rupture rate of AAA ,5 cm in diameter is
,1% per annum; hence it may be relevant if self-
examination mainly detects AAAs$5 cm in diameter.
Therefore self-examination may merit further investi-
gation for the detection of significant aortic
aneurysms.
This study aims to assess the sensitivity, specificity,
positive and negative predictive value of physical
examination by health care personnel, and self-
examination by the patient, in the diagnosis of AAA.
Furthermore, we investigated whether the accuracy of
these assessments was related to the size of the
aneurysm and/or to the size of the patient.
Patients and Methods
One hundred and sixty four patients, 138 men and 26
women, median age 71 (range 48–89) years consented
to participate in this prospective, single blind, con-
trolled study. One hundred and twenty five patients
had AAA, defined as an infra renal aortic diameter
$2.5 cm and were attending for surveillance or
surgery. Thirty-nine patients attending for carotid
duplex were used as controls. All patients underwent
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abdominal examination by a doctor and a nurse who
were blinded to the presence/absence of an AAA.
Abdominal examination by doctors and nurses
Doctors (a specialist registrar/consultant in vascular
surgery) and E grade nurses (from the vascular
surgical outpatients department and vascular surgical
wards) were instructed on the abdominal examination
technique for the diagnosis of AAA. This involved
deep palpation in the left upper quadrant/epigas-
trium using right hand. If the aortic pulsation was
detected, the examiner, using deep palpation with the
left hand attempted to ascertain whether the patient
had an AAA or simply a palpable aorta. Indeterminate
responses were not accepted.
Self-examination by patients
Patients found it impossible to perform self-examin-
ation using the above technique. Hence they were
given simple instructions to palpate for the pulsation
from an AAA, in an antero-posterior fashion. Whilst
lying supine, relaxed on an examining couch, head
supported on a single pillow, patients were instructed
to overlap their fingertips on their epigastrium, and
then to gently but firmly press backwards (Fig. 1). The
test was deemed positive if the patient could detect a
pulsation.
All patients and controls underwent ultrasound
measurement of aortic diameter. Patients with AAA
were subgrouped according to AAA diameter: 30
patients had small (,4 cm, mean 3.41, standard
deviation (SD) ¼ 0.2613); 38 had medium (4–5 cm,
mean 4.45, SD ¼ 0.3448); and 57 patients had large
(.5 cm, mean 6.08, SD ¼ 0.9562) AAA. Control
patients had a mean infrarenal aortic diameter of
1.89 cm (range 1.1–2.2, SD ¼ 0.2613). The patient’s
body mass index (BMI) was calculated by dividing the
patients weight (kg) by height squared (m2). Patient’s
demographic details are displayed in Table 1.
Sensitivity, the proportion of patients correctly
diagnosed by the test as having an AAA, was
calculated by dividing true positives by true positives
plus false negatives.
Specificity, the proportion of patients correctly
diagnosed by the test as not having an AAA, was
calculated by dividing the true negatives by the true
negatives plus the false positives.
The positive predictive value (PPV), the proportion
of patients with positive test results whom actually
had an AAA, was calculated by dividing the true
positives by the true positives plus the false positives.
The negative predictive value (NPV), the pro-
portion of patients with negative test results who did
not have an AAA, was calculated by dividing the true
negatives by the true negatives plus the false
negatives.
Likelihood ratio indicates the value of the test for
increasing certainty about a positive diagnosis and
provides a direct estimate of how much a test result
will change the odds of having a disease. It is
calculated by dividing Sensitivity by (1-specificity).
Statistical analysis
Statistical analysis was performed with SPSS (version
10). Data are presented predominantly as mean
(range). The level of agreement between the different
groups was calculated using the Kappa test and is
measured in Kappa (Kappa value 1 indicates perfect
agreement, while 0 means no agreement better than
chance and 2ve values means the agreement is worse
than by chance). Independent t test was used to
analyse the significance of association between BMI
Fig. 1. Self-examination by patient.
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and true þve/false 2ve. P , 0:05 was considered
statistically significant.
Results (Table 2)
Physical examination by a doctor
Physical examination by a doctor demonstrated a
sensitivity of 0.57 and PPV of 0.55 in the detection of
small AAA, a sensitivity of 0.97 and PPV of 0.71 in the
detection of medium AAA, and a sensitivity of 0.98
and PPV of 0.81 in the detection of large AAA. The
specificity of examination by a doctor for excluding
AAA was 0.64, whilst the NPV of examination by a
doctor for small, medium and large AAA was 0.66,
0.96 and 0.96, respectively.
Physical examination by a nurse
Physical examination by a nurse demonstrated a
sensitivity of 0.53 and PPV of 0.57 in the detection of
small AAA, a sensitivity of 0.97 and PPV of 0.74 in the
detection of medium AAA, and a sensitivity of 0.95
and PPV of 0.82 in the detection of large AAA. The
specificity of examination by a nurse for excluding
AAA was 0.69, whilst the NPV of examination by a
nurse for small, medium and large AAA was 0.66, 0.96
and 0.90, respectively.
Self-examination by the patient
Self-examination by the patient demonstrated a
sensitivity of 0.50 and PPV of 0.56 in the detection of
small AAA, a sensitivity of 0.94 and PPV of 0.74 in the
detection of medium AAA, and a sensitivity of 0.93
and PPV of 0.82 in the detection of large AAA. The
specificity of self-examination for excluding AAA was
0.69, whilst the NPV of self-examination for small,
medium and large AAA was 0.64, 0.93 and 0.87,
respectively. The level of agreement between the
different examiners (doctors, nurses and patients)
was assessed by Kappa test. The level of agreement
was maximum between doctors and nurses
(Kappa ¼ 0.921), and was also high between doctors
and patient (Kappa ¼ 0.845) and nurses and patients
(Kappa ¼ 0.895)
Effect of BMI on AAA detection (Fig. 2)
Patients who were unable to detect their aneurysm
(false 2ve) had significantly larger BMI. Similar
results were obtained by examination by doctors and
nurses, with high BMI values in patients with false
negative results. BMI and size of the AAA were the
only independent variables, which were significantly
associated with false negativity. A binary logistic
regression model with BMI and size of the AAA,
was 92.74% correct with R squared value of 0.647
(Table 2, Fig. 2).
Discussion
Ultrasonography is non-invasive, cheap and reliable
test to detect AAA, with a sensitivity of 99%.6
However, the attendance rate in screening studies
rarely exceeds 80% and the number of AAAs detected
is low (5%). The majority of these (,5.5 cm diameter)
simply warrant surveillance, which may be associated
with impairment in quality of life.7 Moreover, a
proportion of patients with a large AAA detected by
screening will be unfit for elective surgery. Therefore
(ultrasound) screening studies identify less than 1% of
the population who are sufficiently fit and have an
AAA of sufficient size to warrant surgery.2
Abdominal examination in the diagnosis of small
AAA (,4 cm AP diameter), whether by physician,
nurse or patient is of limited value (PPV ,0.6, NPV
,0.7). The NPV of abdominal examination by phys-
ician, nurse or patient exceeds 0.9 when AAA
diameter is $4 cm. That is to say .90% of patients
with a negative abdominal examination will be
correctly excluded from having an AAA $4 cm. The
PPV of abdominal examination by physician, nurse or
patient, however, only exceeds 0.8 when AAA
diameter exceeds 5 cm. That is to say .80% patients
with a positive abdominal examination will have an
AAA .5 cm in diameter. The accuracy of abdominal
examination is thus related directly to the size of the
aneurysm and size of the patient. This study highlights
the potential role for self-examination in the detection
of large AAA.
This study is first of its kind to explore the role of
Table 1. Demographic characteristics of all study patients.
Control group AAA group P (x2 test)
Median age (range) 67 (48–88) 74 (55–89) ,0.01
Sex M:F 2.9:1 11:1.5 ,0.05
Smoker 22 (69) 57 (57) ,0.001
Ischaemic heart disease 15 (47) 54 (53) NS
Cerebrovascular disease 4 (13) 9 (9) NS
COPD 3 (9) 25 (25) NS
Diabetes 5 (13) 3 (2) ,0.05
Hypercholesterolemia 13 (36) 21 (18) ,0.05
Hypertension 18 (46) 61 (49) NS
Values in parentheses are percentages. NS, not significant.
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self-examination in the detection of AAA. However,
being a pilot study, there are potential problems with
the study design. The positive and negative predictive
values are affected greatly by prevalence of disease. In
this study the prevalence is in effect 80%. The
prevalence in the community is far less. Even though
sensitivity and specificity is not affected by prevalence,
the observers (doctors and nurses) knowing the pre-
test odds of AAA (4 to 1) does create a bias. The
observers are very likely to err on the positive side
(enforced by non-diagnostic not being an option)
because the probability of being confronted with an
AAA patient is very high. Thus even though the pre-
test probability does not affect the sensitivity and
specificity mathematically, it affects through observer
bias. Also the distribution of study population were
24% non-AAA, 18% small, 23% medium and 35% large
AAA. The distribution in a vascular surgery clinic,
however, would be 85% no AAA, 12% small, 2%
medium and 1% large. Hence the results of this study
may not be generalised to a vascular surgery popu-
lation or general population. It may be argued that the
patient’s knowledge that an AAA was present may
positively bias their self-examination result. In spite of
these problems with the study design, we had some
interesting findings from this pilot study; (1) The
sensitivity of abdominal examination for AAA by a
physician in this study is similar to previous reports;4,8
(2) The sensitivity, specificity, positive and negative
predictive values of abdominal examination by patient
were similar to the blinded groups (Doctors and
nurses). Kappa which signifies the measure of agree-
ment, was high between the patients and doctors
(0.845) and patients and nurses (0.895); (3) 1 in 4
patients with an AAA ,5 cm could not feel the AAA.
This may suggest that only specific, relatively simple,
instructions are required for the clinical detection of
AAA and screening by self-examination may be
Fig. 2. Effect of BMI on AAA detection.
Table 2. Results of self-examination in the detection of AAA.
True þve False þve False 2ve True 2ve Sensitivity Specificity PPV NPV Likelihood ratio
Doctor Small 17 14 13 25 0.57 (0.45–0.68) 0.64 (0.53–0.75) 0.55 0.66 1.58 (0.94–2.66)
Doctor Medium 35 14 1 25 0.97 (0.94–1.01) 0.64 (0.53–0.75) 0.71 0.96 2.71 (1.77–4.13)
Doctor Large 58 14 1 25 0.98 (0.96–1.01) 0.64 (0.53–0.75) 0.81 0.96 2.74 (1.80–4.17)
Patient Small 15 12 15 27 0.5 (0.38–0.62) 0.69 (0.58–0.80) 0.56 0.64 1.63 (0.90–2.94)
Patient Medium 34 12 2 27 0.94 (0.89–1.00) 0.69 (0.59–0.80) 0.74 0.93 3.07 (1.90–4.95)
Patient Large 55 12 4 27 0.93 (0.88–0.98) 0.69 (0.60–0.78) 0.82 0.87 3.03 (1.88–4.88)
Nurse Small 16 12 14 27 0.53 (0.42–0.65) 0.69 (0.58–0.80) 0.57 0.66 1.73 (0.97–3.09)
Nurse Medium 35 12 1 27 0.97 (0.94–1.01) 0.69 (0.59–0.80) 0.74 0.96 3.16 (1.97–5.08)
Nurse Large 56 12 3 27 0.95 (0.91–0.99) 0.69 (0.60–0.78) 0.82 0.90 3.08 (1.92–4.96)
The values in parenthesis represent 95% confidence interval.
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useful. However, further corroboration by a prospec-
tive study of blinded patients is necessary and we are
currently investigating this.
Even though the results of this study are not
conclusive to a general population, it has paved way
for exploring this novel concept for a larger commu-
nity based project. We believe this novel approach will
increase awareness and educate the population about
AAA. Moreover self-examination may be used for
screening those groups of patients were AAA screen-
ing is not routinely offered i.e., women and men ,65.
In addition, self-examination potentially targets non-
attendees, not amenable to detection by ultrasound or
physical examination. Importantly, as only large
aneurysms (.5 cm) are of immediate concern, we
believe screening by self-examination may provide a
reliable and inexpensive method to select a population
with an expected high pick up rate for ultrasound
scanning. However, in specific scenarios (e.g. when the
detection of a small AAA is considered important),
ultrasound will be clearly more accurate than exam-
ination. Therefore, we envisage abdominal examin-
ation to have a complimentary rather than competitive
role to ultrasound in the detection of AAA. Screening
for AAA ultrasound has shown to decrease AAA
related mortality2 but has not been offered in every
community. Self-examination, hence can potentially
offer detection in communities not offered screening.
In conclusion, whilst ultrasound is undoubtedly the
most accurate method of AAA population screening, it
is not universally available. Abdominal examination
by doctors, nurses and patients shows promise in the
detection/exclusion of large AAA. We are currently
investigating the clinical and economical potential of
AAA screening by abdominal examination with a
prospective community study. This may provide us
with the answers, which were unavailable in our pilot
study due to its small numbers and problems with
study design. We also aim to assess patient accept-
ability/satisfaction and investigate the optimum fre-
quency of self-examination.
Acknowledgements
The authors thank Mrs R. Waddington for her invaluable assistance
in statistical analysis.
References
1 Office for National Statistics, Mortality Statistics, Cause: England and
Wales 1996. London: The Stationary, 1998.
2 The Multicentre Aneurysm Screening Study Group, The Multi-
centre Aneurysm Screening Study (MASS) into the effect of
abdominal aortic aneurysm screening on mortality in men: a
randomised controlled trial. Lancet 2002; 360(9345): 1531–1539.
3 The Multicentre Aneurysm Screening Study Group. The Multi-
centre Aneurysm Screening Study (MASS): cost effectiveness
analysis of screening for abdominal aortic aneurysms based on
four year results for a randomised controlled trial. BMJ 2002;325:
1135–1142.
4 Lederle FA, Simel DL. Does this patient have an abdominal aortic
aneurysm? JAMA 1999; 281(1): 77–82.
5 Le Geyte M, Mant D, Vessey MP, Jones L, Yudkin P. Breast self-
examination and survival from breast cancer. Br J Cancer 1992;
66(5): 917–918.
6 Beard JD. Screening for abdominal aortic aneurysm. Br J Surg
2003; 90(5): 515–516.
7 Lindholt JS, Vammen S, Fasting H, Henneberg EW. Psycho-
logical consequences of screening for abdominal aortic aneurysm
and conservative treatment of small abdominal aortic aneurysms.
Eur J Vasc Endovasc Surg 2000; 20(1): 79–83.
8 Fink HA, Lederle FA, Roth CS, Bowles CA, Nelson DB, Haas
MA. The accuracy of physical examination to detect abdominal
aortic aneurysm. Arch Intern Med 2000; 160(6): 833–836.
Accepted 10 September 2003
A. K. Venkatasubramaniam et al.60
Eur J Vasc Endovasc Surg Vol 24, January 2004
